Spacecraft Thermal Control Coatings References by Kauder, Lonny
December 2005
NASA/TP–2005–212792
Spacecraft Thermal Control Coatings References
Lonny Kauder
https://ntrs.nasa.gov/search.jsp?R=20070014757 2019-08-29T18:39:04+00:00Z
The NASA STI Program Offi ce … in Profi le
Since its founding, NASA has been ded i cat ed to the
ad vance ment of aeronautics and space science. The 
NASA Sci en tifi c and Technical Information (STI)
Pro gram Offi ce plays a key part in helping NASA 
maintain this im por tant role.
The NASA STI Program Offi ce is operated by
Langley Re search Center, the lead center for 
NASAʼ s scientifi c and technical in for ma tion. The
NASA STI Program Offi ce pro vides ac cess to
the NASA STI Database, the largest col lec tion of 
aero nau ti cal and space science STI in the world.
The Pro gram Offi ce is also NASAʼ s in sti tu tion al
mech a nism for dis sem i nat ing the results of its
research and de vel op ment ac tiv i ties. These results
are published by NASA in the NASA STI Report 
Series, which includes the following report types:
• TECHNICAL PUBLICATION. Reports of 
com plet ed research or a major signifi cant phase
of research that present the results of NASA pro-
grams and include ex ten sive data or the o ret i cal
analysis. Includes com pi la tions of sig nifi  cant 
scientifi c and technical data and in for ma tion
deemed to be of con tinu ing ref er ence value.
NASAʼ s counterpart of peer-re viewed formal
pro fes sion al papers but has less stringent lim i ta -
tions on manuscript length and ex tent of graphic
pre sen ta tions.
• TECHNICAL MEMORANDUM. Scientifi c
and tech ni cal fi ndings that are pre lim i nary or of 
spe cial ized interest, e.g., quick re lease reports, 
working papers, and bib li og ra phies that contain
minimal annotation. Does not contain extensive
analysis.
• CONTRACTOR REPORT. Scientifi c and techni-
cal fi ndings by NASA-sponsored con trac tors and
grantees.
• CONFERENCE PUBLICATION. Collected
pa pers from scientifi c and technical  conferences,
symposia, sem i nars, or other meet ings spon sored
or co spon sored by NASA.
• SPECIAL PUBLICATION. Scientifi c, tech ni cal, 
or historical information from NASA pro grams, 
projects, and mission, often con cerned with sub-
jects having sub stan tial public interest.
• TECHNICAL TRANSLATION. En glish-language 
trans la tions of foreign sci en tifi c and tech ni cal ma-
terial pertinent to NASAʼ s mis sion.
Specialized services that complement the STI Pro-
gram Offi ceʼs diverse offerings include cre at ing
custom the sau ri, building customized da ta bas es, 
organizing and pub lish ing research results . . . even
pro vid ing videos.
For more information about the NASA STI Pro gram 
Offi ce, see the following:
• Access the NASA STI Program Home Page at 
http://www.sti.nasa.gov/STI-homepage.html
• E-mail your question via the Internet to
help@sti.nasa.gov
• Fax your question to the NASA Access Help Desk 
at (301) 621-0134
• Telephone the NASA Access Help Desk at (301)
621-0390
• Write to:
NASA Access Help Desk
NASA Center for AeroSpace In for ma tion
  7121 Standard Drive
Hanover, MD 21076–1320
National Aeronautics and 
Space Ad min is tra tion
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%\XVLQJWKHDSSURSULDWHYHFWRULGHQWLW\DQGVXEVWLWXWLQJ R( ′′ IURPHTXDWLRQLQWRHTXDWLRQWKHUDWLRRIWKH
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7R REWDLQ WKH UHIOHFWLYLW\ RQH RQO\ QHHGV WRPXOWLSO\ WKH QXPHUDWRU DQG GHQRPLQDWRU RI WKLV H[SUHVVLRQ E\ WKHLU
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7KH WRWDO KHPLVSKHULFDO HPLWWDQFH RI D WKHUPDO FRQWURO FRDWLQJRIWHQ FKDQJHVZLWK WHPSHUDWXUH7KLV LV QRW
SULPDULO\ WKH UHVXOW RI WKH LQWULQVLF UHIOHFWLYLW\ RI WKH FRDWLQJFKDQJLQJZLWK WHPSHUDWXUHEXW UDWKHU LW LV WKH














7KHFKDQJH LQRYHUDOO UHIOHFWLYLW\DQGFRQVHTXHQWO\ WRWDOKHPLVSKHULFDOHPLWWDQFH FDQEHGXH WRDFKDQJH LQ


















































































































LW KDV D YLHZ RI WKH VXQ7KH HIIHFW RI WKLV WHPSHUDWXUH GLIIHUHQFH EHWZHHQ WKH VXEVWUDWH DQG VXUIDFH RI WKH
FRDWLQJ LV WR UDLVH RU ORZHU WKHHIIHFWLYH HPLWWDQFH RI WKH FRDWLQJZLWKUHVSHFW WR WKHVXEVWUDWH7KHHIIHFW LV
JHQHUDOO\ VPDOODQGRI OLWWOHFRQVHTXHQFH )RUDFRDWLQJ OLNH.DSWRQRU7HIORQZKLFKERWKKDYHDYHU\ ORZ
WKHUPDOFRQGXFWLYLW\ WKH FKDQJH LQHIIHFWLYHHPLWWDQFHDW°. IRUDPLO WKLFNFRDWLQJZRXOG EHD OLWWOH
PRUH WKDQ  ZLWK D FRUUHVSRQGLQJ FKDQJH LQ WHPSHUDWXUH RI DSSUR[LPDWHO\ °. ,I WKH FRDWLQJ LV HYHQ
WKLFNHU WKH HIIHFW ZLOO EH JUHDWHU DQG ZLOO LQFUHDVH OLQHDUO\ ZLWK FRDWLQJ WKLFNQHVV:KHQ WKH HPLWWDQFH LV
PHDVXUHGE\DFDORULPHWULFWHFKQLTXHWKHFDOFXODWHGHPLWWDQFHLVUHDOO\DQHIIHFWLYHHPLWWDQFHZLWKWKHWKHUPDO
FRQGXFWLYLW\ RI WKH FRDWLQJ DQG WKH DVVRFLDWHG WHPSHUDWXUH GLIIHUHQFH WDNHQ LQWR DFFRXQW 7HPSHUDWXUHV
FDOFXODWHG EDVHG RQ WKLVPHWKRGZLOOJLYHDFFXUDWH UHVXOWVSURYLGHG WKDW WKH WKLFNQHVV RI WKHFRDWLQJ RQ WKH
VSDFHFUDIWLVWKHVDPHDVWKHFDORULPHWULFWHVWFDVH,ILQVWHDGWKHHPLWWDQFHLVFDOFXODWHGEDVHGRQWKHVXUIDFH
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WKHUPDORSWLFDOSURSHUWLHV RI WKHUPDOFRQWUROFRDWLQJVPXVWEHPHDVXUHG LQRUGHU WRNQRZ WKHLUYDOXH WRDQ\
SUHFLVLRQ 7KH FDOFXODWLRQ RI WKH VRODU DEVRUSWDQFH KRZHYHU UHTXLUHV NQRZOHGJH RI WKH WRWDO KHPLVSKHULFDO




















DQG GLIIXVH FRPSRQHQWV DUH DFFRXQWHG IRU RU LQWHJUDWHG RYHU DOO DQJOHVβ DV ZHOO DV φ WR REWDLQ WKH WRWDO
KHPLVSKHULFDOUHIOHFWDQFHIRUDJLYHQDQJOHRILQFLGHQFH)RUDJLYHQDQJOHRILQFLGHQFHθWKHDEVRUSWDQFHLV
JLYHQE\UHIHUHQFH





























:KHUH6λ LV WKH VRODU H[WUDWHUUHVWULDO VSHFWUXP DQG5λθ LV WKH WRWDO GLUHFWLRQDO KHPLVSKHULF UHIOHFWDQFH
LQWHJUDWHGRYHUDOODQJOHVRIβDQGφIRUDJLYHQDQJOHRILQFLGHQFHθDVLQ)LJXUH
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7KHPDLQDGYDQWDJHRIDFHQWHU VDPSOHPRXQWHG  LQWHJUDWLQJVSKHUH LVWKDW WKHUHVXOWLQJPHDVXUHPHQWLV
DEVROXWH7KHGLVDGYDQWDJH LV WKDWD VPDOO VDPSOH W\SLFDOO\DERXW LQFK LQGLDPHWHULVUHTXLUHG$VLGH
PRXQWHG LQWHJUDWLQJVSKHUHKDV WKHDGYDQWDJH WKDWDQ\VL]HVDPSOH WRZLWKLQUHDVRQFDQEHDFFRXQWHGDV
ORQJ DV WKH VDPSOH LV IODW EXW WKH LQWHJUDWLQJ VSKHUH FRDWLQJUHIOHFWDQFHPXVW EH YHU\ QHDUO\ DQG
XQLIRUPRYHU WKHPHDVXUHPHQWZDYHOHQJWKEHFDXVH WKH UHIOHFWDQFHGRHVQRWFDQFHORXW RI WKHHTXDWLRQV
7KHFHQWHUPRXQWHGVDPSOHVSKHUHKDVWKHDGGLWLRQDODGYDQWDJHWKDWLWZLOOFRQWLQXHWRJLYHDFFXUDWHUHVXOWV
HYHQLIWKHVSKHUHFRDWLQJLVGHJUDGHGDVORQJDVWKHGHJUDGDWLRQFRQWDPLQDWLRQLVXQLIRUPRYHUWKHHQWLUH
VXUIDFH RI WKH VSKHUH :LWK D VLGH PRXQWHG VSKHUH RQH PXVW DOZD\V EH RQ JXDUG DJDLQVW VSKHUH
GHJUDGDWLRQFRQWDPLQDWLRQDVPHDVXUHPHQWHUURUVZLOOUHVXOW

,W LVDOVRVRPHWLPHVXVHIXO WRNQRZ WKHUHIOHFWDQFHRID VDPSOHDVD IXQFWLRQRIDQJOHRI LQFLGHQFH7KH
FHQWHU VDPSOHPRXQWHG LQWHJUDWLQJVSKHUHFDQSHUIRUPWKLV W\SHRIPHDVXUHPHQWZKLOH WKHVLGHPRXQWHG
LQWHJUDWLQJ VSKHUH LV OLPLWHG WR D QHDU QRUPDO DQJOH RI LQFLGHQFH 7KH FHQWHUPRXQWHG VSKHUH KDV WKH
DGYDQWDJHWKDWWKHUHIOHFWLYLW\RIWKHVSKHUHFRDWLQJFDQFHOVRXWRIWKHHTXDWLRQVOHDYLQJWKHDEVROXWHUHIOHFWDQFH
RIWKHVDPSOH,WDOVRKDVWKHDGYDQWDJHWKDWWKHWRWDOKHPLVSKHULFDOUHIOHFWDQFHFDQEHPHDVXUHGDVDIXQFWLRQRI
DQJOH RI LQFLGHQFH7KH WRWDO WUDQVPLWWDQFH RI VDPSOHV FDQ DOVR EHPHDVXUHGZLWK WKH LQWHJUDWLQJ VSKHUH DV




WKH UHVXOW RI WKH LQDFFXUDF\ RI WKH UHIOHFWDQFHPHDVXUHPHQWDQG WKHHUURU LQ WKHVRODU VSHFWUXPGDWD$670
( VWDWHV WKDW WKH W\SLFDO XQFHUWDLQW\ LQ WKH FDOFXODWLRQ RI WKH VRODU DEVRUSWDQFH IURP WKH VWDQGDUG VRODU
VSHFWUXP DQG WKH PHDVXUHG UHIOHFWDQFH JLYHV SUDFWLFDO HUURU RI ±  7KLV KRZHYHU LV IRU UHIOHFWDQFH
PHDVXUHPHQWV PDGH RYHU WKH HQWLUH ZDYHOHQJWK UDQJH ,Q SUDFWLFH KRZHYHU WKH LQWHJUDWLRQ RI WKH DERYH
HTXDWLRQFDQRQO\EHFDUULHGRXWRYHUWKHZDYHOHQJWKUDQJHRIWKHUHIOHFWDQFHPHDVXUHPHQWLQVWUXPHQWZKLFKLV
W\SLFDOO\ IURP QP WR QP 7KH $670 ( LQGLFDWHV WKDW WKH HQHUJ\ DW DLU PDVV ]HUR RYHU WKDW
ZDYHOHQJWK UDQJH LV RQO\  RI WKH WRWDO VRODU VSHFWUXPZLWKPRVW RI WKH UHVLGXDO HQHUJ\ EHLQJ DW WKH
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)URP WKH VRODU DEVRUSWDQFH HTXDWLRQ LW LV FOHDU WKDW WKH FDOFXODWHG DEVRUSWDQFH GHSHQGV RQ WKH VRODU
VSHFWUXP7KLVLVGLIIHUHQWIURPWKHWHUUHVWULDOVSHFWUXPGXHWRWKHDEVRUSWLRQRIWKHDWPRVSKHUH7KHJUDSK
EHORZVKRZVWKHGLIIHUHQFHLQDQDLUPDVVVSHFWUXPRIWKHVXQDW$8ZLWKQRDWPRVSKHULFDWWHQXDWLRQ
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VLPXODWRU EHDP LQSXW WKURXJK ,QIUDVLO ZLQGRZV 7KLV VWDUWLQJ WHPSHUDWXUH ZLOO QRW RQO\ JLYH YDOXHV IRU
HPLWWDQFHVOLJKWO\DERYHURRPWHPSHUDWXUHZKLFKDUHVRPHWLPHVGHVLUHGEXWDOVRDOORZWKHURRPWHPSHUDWXUH
YDOXHWRFKHFNHGE\D'%RUVLPLODUVXFKGHYLFH7KHQWKHLQSXWSRUWLVFRYHUHGDQGWKHVSHFLPHQDOORZHG
























































































































































































































































'XULQJVSDFH IOLJKWPLVVLRQV VSDFHFUDIW FDQHQFRXQWHUHQHUJHWLF FKDUJHGSDUWLFOHV WKDWFDQFDXVHGLIIHUHQWLDO
FKDUJLQJ RI WKH VSDFHFUDIW 7KLV GLIIHUHQWLDO FKDUJLQJ FDQ UHVXOW LQ HOHFWURVWDWLF GLVFKDUJHV (6' EHWZHHQ
YDULRXV SDUWV RI WKH VSDFHFUDIW 7KLV (6' LV D VRXUFH RI HOHFWURPDJQHWLF LQWHUIHUHQFH (0, ZKLFK FDQ EH
FRXSOHGWRHOHFWURQLFGHYLFHV6HQVLWLYH,&VFDQEHGDPDJHGE\VHYHUDOP-PLOOL-RXOHRI(6'DQGFLUFXLWV
FDQEHXSVHWZLWKRQO\VHYHUDOQ-QDQR-RXOH7KLVFKDUJLQJSKHQRPHQRQKDVEHHQEODPHGIRUDUFLQJWKDWKDV







JUHDWHU WKDQ WKH W\SLFDO WKHUPDO FRQWURO FRDWLQJV DQG WKHUHIRUH WKHVH GR QRW FRQWULEXWHPXFK WR WKH VXUIDFH
FKDUJLQJ RI WKH FRDWLQJV 7KH 9DQ $OOHQ EHOWV ZKLFK DUH UHVSRQVLEOH IRU PRVW VSDFHFUDIW FKDUJLQJ DUH
VRPHWLPHVPRGLILHGE\PDJQHWLFGLVWXUEDQFHVDQGWKHVRODUF\FOHEXWJHQHUDOO\H[LVWIURPDSSUR[LPDWHO\
NPWR(DUWKUDGLL,QORZ(DUWKRUELWEHORZNPVSDFHFUDIWFKDUJLQJLVQRWPXFKRIDFRQFHUQ7KH9DQ
$OOHQEHOWVDUHJHQHUDOO\ V\PPHWULF LQD]LPXWKDERXW WKHJHRPDJQHWLFHTXDWRUDQGH[WHQGV WRGHJUHHV
DERYHDQGEHORZLWUHIHUHQFH	7KHDFWXDOIOX[DQGHQHUJ\HQFRXQWHUHGQHHGVWREHFDOFXODWHGIRUHDFK
































V SUHIHUUHG UHOLDELOLW\ SUDFWLFHV PDQXDO UHIHUHQFH  UHFRPPHQGV WKDW WKH HQHUJ\ VWRUHG E\ HDFK
QRQFRQGXFWLYHVXUIDFHEHOHVVWKDQP-DQGWKDW(6'HOHFWURVWDWLFGLVFKDUJHVVKRXOGQRWEHDOORZHGWRRFFXU





7KHHOHFWULF ILHOG VWUHQJWKZLWKLQD VSDFHFUDIW FRDWLQJFDQ EHFDOFXODWHG LI WKH FRDWLQJ WKLFNQHVVDQGVXUIDFH
YROWDJHDUHNQRZQDQGLVJLYHQE\

G9 (  
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FRDWLQJ LQ VSDFH ,I WKH UHVLVWDQFH LV QRW NQRZQ JURXQGEDVHG WHVW PXVW EH FRQGXFWHG WR GHWHUPLQH WKHVH
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$QGWKHYROWDJHSRWHQWLDOIURPKWRJURXQGLVMXVW











UHOHYDQW VLQFH DQ\ VL]H VTXDUHZLOO UHVXOW LQ H[DFWO\ WKH VDPHPHDVXUHG UHVLVWDQFH 1RZGHSHQGLQJ RQ WKH
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,W LV LPSRUWDQW WRKDYH WKHDSSURSULDWH VSHFLILFDWLRQZLWK UHVSHFW WR VSDFHFUDIWFKDUJLQJ Ω UHIHUV WR VKHHW
FRQGXFWLYLW\DQGKHQFHDVVXPHVWKDWFKDUJHFRQGXFWLRQZLOOEHODWHUDOO\DORQJWKHVXUIDFHRIDFRDWLQJDSSOLHG
RYHUDQRQFRQGXFWLYHVXEVWUDWHZLWKJURXQGLQJDWWKHHGJHVRIWKHFRDWLQJΩFPUHIHUVWREXONFRQGXFWLYLW\






















$QRWKHUFRPPRQPHWKRGRISUHYHQWLQJVSDFHFUDIWFKDUJLQJ LV WRFRDW WKH WKHUPDOFRQWUROFRDWLQJZLWKD
YHU\ WKLQ OD\HU W\SLFDOO\cRI ,QGLXP7LQ2[LGH7KLVSURYLGHVDFRQGXFWLYHSDWK IRUHOHFWURQVDQG
GRHV QRW FKDQJH WKH HPLWWDQFH RI WKH FRDWLQJV EXW GRHV LQFUHDVH WKH VRODU DEVRUSWDQFH VRPHZKDW  2QH
PHWKRG WKDWKDVEHHQ WULHGPDQ\ WLPHV WKDWGRHVQRW W\SLFDOO\KDYHDQ\ HIIHFW RQFKDUJLQJ LV WKHXVHRI
YDSRUGHSRVLWHGDOXPLQXPJULGV 2QDQRQFRQGXFWLYHVXUIDFH WKHJULGVDUH LQWHQGHG WRFDUU\DZD\DQ\
FKDUJH EXLOG XS EHWZHHQ WKH JULGV:KDW W\SLFDOO\ KDSSHQV LV WKDW WKH VSDFH EHWZHHQ WKH JULGV VLPSO\




)LQGLQJ D FRDWLQJZKLFK QRW RQO\ VDWLVILHV WKHUPDO UHTXLUHPHQWV EXW HOHFWULFDO FRQGXFWLYLW\ UHTXLUHPHQWV DV


















































.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    
.H9#Q$FP    





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































REPORT DOCUMENTATION PAGE Form Approved OMB No. 0704-0188 
The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate 
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-4302. Respondents should be aware that 
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 
5b. GRANT NUMBER 
5c. PROGRAM ELEMENT NUMBER 
6. AUTHOR(S) 5d. PROJECT NUMBER 
5e. TASK NUMBER 
5f. WORK UNIT NUMBER 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S) 
11. SPONSORING/MONITORING
REPORT NUMBER 
12. DISTRIBUTION/AVAILABILITY STATEMENT 
13. SUPPLEMENTARY NOTES 
14. ABSTRACT 
15. SUBJECT TERMS 




19b. NAME OF RESPONSIBLE PERSON 
a. REPORT b. ABSTRACT c. THIS PAGE 
19b. TELEPHONE NUMBER (Include area code) 
Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18 
01-07-2005 Technical Procedure
Spacecraft Thermal Control Coatings Reference
Lonny Kauder
NASA/Goddard Space Flight Center
Code 663
Greenbelt, MD 20771
National Aeronautics and Space Administration
Washington, DC  20546-0001
TP-2005-212792
Unclassified-Unlimited, Subject Category: 42
Report available from the NASA Center for Aerospace Information,7121 Standard Drive, Hanover, MD 21076. (301) 621-0390
The successful thermal design of spacecraft depends in part on a knowledge of the solar absorption and hemispherical emittance of
the thermal control coatings used in and on the spacecraft. Goddard Space Flight Center has had since its beginning a group whose
mission has been to provide thermal/optical properties data of thermal control coatings to thermal engineers. This handbook
represents a summary of the data and knowledge accumulated over many years at GSFC.
Unclassified Unclassified Unclassified Unclassified 121
Lonny Kauder
(301) 286-5309


